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Subject: 'YJnattached" ES drawings 

Most Engineering Standard (ES) drawings are contained, because of their 
subject matter, in either sections of the national engineering handbook, 
technical releases, design notes, or other similar publications. Thus, 
such ES drawings are available by procurement of the publications in 
which they appear. 

This design note provides a mechanism by which otherwise "unattached" 
ES drawings may be obtained. 

These "unattached" ES drawings are contained herein. They group natur- 
ally into three categories. These are: 

Group A: Schedules of National Standard Detail Drawings 
ES- 94 Series "B" Straight Drop Spillways 
ES-169 Standard Covered Risers 
ES-180 Standard Open Risers 
ES-186 Standard Impact Basins (also available in TR-49) 
ES-195 Standard Conduit Details 
ES-231 Standard Baffle Risers 

Group B: 
ES-150 
ES-151 
ES-152 
ES-153 
ES-154 
ES-155 
ES-156 
ES-232 

Group C: Miscellaneous 
ES- 8 Circular Curve Pipe 
ES- 11 Drop Spillway Nappe 
ES-157 Properties of Steel 

*Prepared by Edwin S. Alling, Head, Design Unit, National Engineering 

Drop Inlet Spillway Standards 
Covered Top Riser 
Rectangular Open Top Riser 
Square Open Top Riser 
Restricted Flow Riser 
Pipe Conduits 
Pipe Conduit Outlets 
Low Stage Inlets 
Baffle Top Riser 

Layout Information 

Angles with Equal Legs 

Staff, Lanham, Maryland. 
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STANDARD PLANS: SERIES “B” REINFORCED CONCRETE DROP 
SPILLWAYS SCHEDULE SHOWING DRAWING NUMBER, CUBIC 
YARDS OF CONCRETE, AND POUNDS OF REINFORCING STEEL. 

(1) Notes: Drawing No., cu. yds of concrete, and lbs..of reinforcing steel are listed vertically 
in order for each size. Each drawing number shall be prefixed with the letters E. S. 

(2) *The ratio of L + h is less than 2.0 for these values. Correction for hydraulic losses due 
to end contractions must be considered in the solution of the weir formula, for discharge 
capacity, before these drop spillways can be applied. 

REFERENCE U. S. DEPARTMENT OF AGRICULTURB STANDARD DWG. NO. 

SOILCONSERVATIONSERVICE ES-94 
ENGINEERING DIVBION-DESIGN SECTION ;;;;T ,; -,o;42 



STANDARD PLANS: SERIES “B” REINFORCED CONCRETE DROP 
SPILLWAYS SCHEDULE SHOWING DRAWING NUMBER, CUBIC 

YARDS OF CONCRETE, AND POUNDS OF REINFORCING STEEL. 

(1) Notes: Drawing No., cu. yds of concrete, and lbs., of reinforcmg steel are listed vertically 
in order for each size. Each drawing number shall be prefixed with the letters E. S. 

(2) *The ratio of L i h is less than 2.0 for these values. Correction for hydraulic losses due 
to end contractions must be considered in the solution of' the weir formula, for discharge 
capacity, before these drop spillways can be applied. 

Definition of Symbols: 
F = net drop from crest of weir to top of transverse sill in ft 
h = total depth of weir in ft 
L = length of weir in ft 

Load Assumptions: 
1. Weight of concrete = I.50 lbs/ft3 

Weight of earth fill = 100 lbs/ft3 
;: Weight of equivalent fluid against headwall = 62.4 lbs/ft3 
4. Weight of equivalent fluid against sidewalls = 35 lbs/ft3 
5. Weight of equivalent fluid against wingwalls = 35 lbs/ft3 
6. Weight of equivalent fluid against headwall extensions = 5 lbs/ft3 
7. Allowable soil bearing pressure = 2000 lbs/ft2 

Allowable unit working stresses (Class B Concrete): 
(1) Ultimate compressive strength fh = 3000 lbs/sq in. 
(2) Extreme fiber stress in compression f, = 1200 lbs/sq in. 
(3) Working stress for reinforcing steel f, = 20,000 lbs/sq in. 

REFERENCE U. S. DEPARTMENT OF AGFWULTURE STANDARD DWG. NO. 

SOIL CONSERVATION SERVICE ES-94 

ENGINEERING DIVISION-DESIGN SECTION SnEET 2 OF 2 
‘DATE 10-6-54 
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STANDARD PLANS: STANDARD COVERED RISERS 
SELECTION OF STANDARD DETAIL DRAWINGS 

Key to Drawing Numbers 

The drawing numbers of the Standard Detail Drawings for Standard Covered Risers are given by: 

ES-3ODD-[NNI ih[NN~is[~l 

where 
DD ED = pipe conduit diameter, inches. 

hN1 ih s Nib = vertical distance from pipe invert at the riser to crest of the covered inlet 
of the riser, ft. 

h-N] is c Nis = vertical distance from pipe invert at the riser to soil surface, ft. The 
soil surface is either the sediment or the embankment (berm) surface. 

@I s riser is designed to be located in the [~~m~t~ea]. 

Standard Detail Drawings 

Each set of Standard Detail Drawings for a Standard Covered Riser consists of four sheets. E&h 
Standard Covered Riser is designed for a specific combination of Nib and Nis. 

A set of Standard Detail Drawings may be adapted to a range of riser heights. The height may vary from 
the full design height given by Nib in the drawing number to five feet less than Nib. The only exception 
to the preceding statement occurs with risers having D = 36 in. and Nib = 15 ft., for which the height 
range is four feet. 

The design combinations of Rib, Nis, and Nsh for each pipe conduit diameter together with criteria for 
selecting the Standard Detail Drawings to be used for a given adaptation, are given on sheet 2 of this 
drawing. 

Adaptation of Standard Detail Drawings 

After the particular Standard Detail Drawings to be used have been selected, they must be adapted to the 
desired riser height. The adaptation is accomplished by completing the fill-ins left blank on sheets i 
and 3 of the drawings. The information required is self-explanatory. It consists of vertical dimensions 
reinforcement bar lengths, reinforcement bar quantities, and volumes and weights of materials. 

Volumes and Weights of Materials 

Quantity schedules for each family of Standard Covered Risers are contained on the following sheets of 
this drawing: 

Pipe Conduit Dismeter Sheet 
D = 24 in. 

;: 
z 

2 

7 

Wind Frojections 

Risers to be located in the embmhent are not designed for wind. An allowable wind projection is tabu- 
lated for these risers on the sheets containing the qusntity schedules. The tabulated allowable wind 
projection was computed for the conditions: 

(1) No embankment is placed in the vicinity of the riser. 
(2) Moist soil condition, allowable earth bearing pressures are: 

pmax 6 4 ksf 

paver 5 2 ksf 

bin 2 0 ksf 

(3) Wind acts on the sidewall at 50 psf. 
(4) The constructed riser height, above the top of the footing, does not exceed the allowable 

wind projection. 

The assumption is made that the allowable wind projection for other conditions of embankment placement 
and riser height is not less than that tabulated. Thus, the tabulated allowable wind projection may be 
considered as the allowable vertical distance between the surface of the embankment and the top of the 
riser at any stage of construction. 

REFERENCE 

SCS Engineering Memo. - 50 
SCS Technical Release - 29 
SCS Technical Release - 30 

STANDARD DWG. NO. 

U. 9. DEPARTMENT OF AGRICULTURE 

SOIL CONSERVATION SERVICE 
ES- 169 

ENGINEERING DIVISION - DESIGN UNIT 
SHEET 1 OF 7 

DATE 7-65 



STANDARD PLANS: STANDARD COVERED RISERS 
SELECTION OF STANDARD DETAIL DRAWINGS 
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Selection of Standard Detail Drawings 

The selection of the particular Standard Detail Drawings to be adapted 
to the desired riser height is made as follows: 

The Nib of the Standard Detail Drawings to be seLected is the 
smallest value of Nib which is greater than or equal to the 
Nib desired at the specific site and the N,h of the Standard 
Detail Drawings to be selected is the greatest value of N,h 
which is less than or equal to the N,h desired at the specific 
site. 

Thus : 

Nib of the standard 2 Nib desired at specific site 

Nsh of the standard 6 Nsh desired at specific site. 

Four examples are given. These examples assume a 36 in. pipe conduit 
diameter and risers will be located in the embankment. 

&ample 1. 
Nib desired = 3o.o', Nsh desired = 13.o', therefore 

select ES-3036 - 3020~ 
&ample 2. 

Nib desired = 28.5', N,h desired = 13.o', therefore 
select ~~-3036 - 3020~ 

&ample 3. 
,' Nib desired = 27.0', N,h desired = 13.0', therefore 

select ES-3036 - 3020E 
Eksmple 4. 

Nib desired = 2'j'.o', N,h desired = 15.0', therefore 
select ES-3036 - 3015E. 

tEFERENCE STANDARD DWG. NO. 

SCS Engineering Memo. - 50 U. S. DEPARTMENT OF AGRICULTURE 
ES- 169 

SCS Technical Release - 29 SOIL CONSERVATION SERVICE 
SCS Technical Release - 30 SHEET 

ENGINEERING DIVISION - DESIGN UNIT 
LOF 1 

DATE 7- 65 



STANDARD PLANS: STANDARD COVERED RISERS PIPE 

SCHEDULE SHOWING DRAWING NUMBERS, VOLUMES 
CONOU IT 

DIAMETER 
OF CONCRETE, AND WEIGHTS OF STEEL. = 24 ” 

STANDARE DFTAIL DRAWWGS, ES-3024-[NNIih [NNI&l 

RISERS TO BE MCATED W 
Nib 

RISERS TO BE LOCATED lXi 
REsmvoIR AFLEA 

reet N sh z Nib - N<s, feet Nsh = N& - Nis, feet 

5 10 15 20 5 10 15 20 

4035R 4O3OR 4025R 402OR 4035E 4.030E '+025E 4020E 

41.45 38.40 39 .oo 40.20 57.55 44.90 38.00 34.60 

40 0.97 0.74 0.74 0.74 0.97 0.74 0.74 0.74 

7848 7550 7471 658% 11036 8434 7322 6106 
187 206 206 1.67 213 21.8 206 167 

25 19 14 9 

3530R 3525R j52OR 3515R 35303 35253 352OE 35153 

33.60 33.60 
",-:: 3z: 

42.40 35.50 
35 

32.20 28.20 
0.74 0.74 . . 0.74 0.74 0.74 0.60 

6835 
5:z7 5?z: 

4999 8064 6227 5667 6183 
206 191 218 167 167 191 

19 16 10 9 

3025R 3020R 3015R 3OloR 30253 3020E 3015E 3010E 

29.20 27.80 28.20 27.90 32.20 27.80 25.30 24.00 

30 
0.74 0.60 0.60 0.60 0.74 0.60 0.60 0.60 

5:i; 
4957 4826 4595 5841 4935 4366 3980 
154 154 118 167 154 154 118 

15 10 8 14 

2520~ 2515R 2510~ 2505R 2520~ 2515E 2510~ 25053 

22.90 22.90 24.10 24.10 24.90 21.50 20.70 FL.30 

25 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 

4298 3733 3857 3725 4454 3625 
':I: 

3330 
J-54 118 ~6 101 154 118 101 

11 9 12 17 

20r5a 2010R 2005~ 2015~ 2010E 2005~ 

18.60 18.60 18.90 18.70 17.80 10.10 

20 0.60 0.60 0.60 0.60 0.60 0.60 

3095 2893 2817 3045 2783 2622 
116 98 87 116 98 87 

9 12 15 

1510R 15o5R 1510E 1505E 
15.10 15.00 14.80 14.80 

15 0.60 0.60 - - 0.60 0.60 - 

2253 2279 22l2 2247 
84 78 84 78 

13 13 
Items, listed in vertical order per riser: 

(1) Partial drawing number - [NV]~~[[NN]~,[~] 

(2) Vl o ume of concrete for full height riser, Nfh equals tabulated value, cu. yds. 
(3) Change in volume of concrete per foot decrease in height of riser, 
(4) Weight of steel for full height riser, Nib equals tabulated value, lbs. 

cu. yds. 

(5) Approximate change in weight of steel per foot decrease in height of riser, lbs. 
(6) Allowable wind projection, see sheet 1 of this drawing, feet. 

IEFERENCE STANDARD DWG. ND. 
U. S. DEPARTMENT OF AGRICULTURE 

SCS Engineerin Memo. - 50 SOIL CONSERVATION SERVICE ES- 169 
SCS Technical Release - 29 
SCS Technical Release - 30 ENGINEERING DIVISION - DESIGN UNIT SHEET AOF 7 

DATE 8 - 66 
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STANDARD PLANS: STANDARD COVERED RISERS PIPE 

SCHEDULE SHOWING DRAWING NUMBERS, VOLUMES CONDUIT 
DIAMETER 

OF CONCRETE, AND WEIGHTS OF STEEL. = 30 ” 

STANDARD DEl?An DRAWmGS, ES-3030-INNJih [NNI~~[:] 

RISERS To BE LOCATED IN RISERS To BE LOCATED IN 
Nib REsEFvoIR AREA 

feet N sh = Nib - Nfs, feet N sh = Nib - Nis, feet 

5 10 l5 20 5 10 15 20 

4035R 4030R 4025R 4020R 40353 4030E 40253 4020~ 

51.97 51.48 51.82 69.37 56.86 53.23 48.12 
40 1.16 1.16 1.16 5:-1"L . 1.16 1.16 1.16 1.16 

10389 10036 9420 9674 13665 11160 9433 8867 
276 276 232 232 303 276 232 232 

27 22 23 20 

3530R 3525R 3520R 3515R 353oE 35253 35203 3515E 

44.51 44.51 
1.16 1.16 

4yg 42.38 51.91 47.22 44.85 38.91 
. 0.89 1.16 1.16 1.16 0.89 

35 8533 8116 8144 ':;i 9908 8612 7952 6871 
232 220 194 232 220 194 198 

20 20 21 16 

3025R 3020~ 3015R 3010R 30253 3020E 3015E 3ClCE 

36.83 36.83 35.43 33.96 40.11 38.05 
0.89 0.89 0.89 0.72 0.89 0.89 3% . 

31.54 
0.72 

30 7106 6511 6805 6319 72: 6600 6214 5688 
240 198 198 181 198 198 181 

2l 20 13 17 

2520R 2515R 2510~ 2505R 25203 25158 2510~ 25053 

3:-i; . 29.03 0.72 
25 

29.47 0.72 28.83 0.72 31.82 0.89 27.79 0.72 27-49 0.72 27.63 0.72 

5533 5263 5118 5032 5728 5086 4767 4762 
162 181 148 138 162 181 148 138 

14 15 15 19 

2015~ 2010R 2005~ 2015~ 2010E 2005~ 

23.49 23.61 23.61 23.93 22.65 22.99 
20 0.72 0.72 0.72 0.72 0.72 0.72 

4363 4049 3713 4480 '2: 3599 
148 141 IL1 148 Ill 

13 14 18 

1510R 1505R 1510E 1505E 

19.04 19.04 19.04 19.04 
15 0.72 0.72 0.72 0.72 

3087 2880 - 3087 2845 
ill 94 ill 94 

'17 '17 
Items, listed in vertical order per riser: 

(1) Partial drawing number - [NN] ih[NNlfs [,“I 
(2) Volume of concrete for full height riser, Nib equsls tabulated value, 
(3) Change in volume of concrete per foot decrease in height of riser, cu. 

cu. yds. 

(4) Weight of steel for full height riser, Nfh equals tabulated value, lbs. 
yds. 

(5) Approximate change in weight of steel per foot decrease in height of riser, lbs. 
(6) Allowable wind projection, see sheet 1 of this drawing, feet. 

IEFERENCE STANDARD DWG. NO. 
U. S. DEPARTMENT OF AGFUCULTUFtE 

SCS Bugineering Memo. - 50 
SCS Technical Release - 29 SOIL CONSERVATION SERVICE ES- 169 
SCS Technical Release - 30 ENGINEEFUNG DIVISION - DESIGN UNIT SHEET 4 OF 7 

DATE 1 - 66 
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STANDARD PLANS: STANDARD COVERED RISERS PIPE 

SCHEDULE SHOWING DRAWING NUMBERS, VOLUMES 
CONDUIT 

DIAMETER 
OF CONCRETE, AND WEIGHTS OF STEEL. = 36 ” 

STANDARD DETAIL DRAWINGS; ~s-3036-bN~~ [NNI&l 

RISERS To BELOCATED IN RIsERsmBEmA!rEDlIi 
Nib RESERVOIR AFLEA 

feet N sh = Ntl - Nfs, feet N,h = Nlh - Nis, feet 

5 10 15 20 5 10 15 20 

4035R 4030R 4025R 4020R 40353 4030E 40251 40 X)E 

"3 
71.55 69.35 64.45 86.45 80.05 71.15 60.25 

40 * 
1.67 1.67 1.35 1.67 1.67 1.67 1.35 

13288 12319 11385 ~981 cm6 13131 ll486 11529 
338 269 269 306 360 269 269 306 

30 32 25 22 

3530R 3525R 352oR 3515R 35303 3525E 35mE 35153 
61.15 56.25 57.05 54.45 71.45 59.55 56.95 51.85 

35 
1.67 1.35 1.35 1.35 1.67 1.35 1.35 1.35 

10766 10872 
2: 

9819 11945 IX?00 
'2; 

9412 
269 306 257 269 306 257 

26 25 24 27 

3025R 3020R 3015R 3010R 30253 3020~ 3015E 3010E 

50.55 48.65 49.25 45.50 54.75 49.75 48.15 42.90 

30 1.35 1.35 l-35 1.04 1.35 1.35 1.35 1.04 

8975 8710 8078 8474 9432 8833 7857 7896 
263 272 208 231 263 272 208 231 

22 21 20 22 

2520R 2515R 2510~ 2505R 25203 25153 2510~ 25053 

39.70 39.70 38.10 
3% 

40.70 40.10 36.10 
3: 'A: 25 

1.04 1.04 1.04 . 1.04 1.04 1.04 . 

7263 6995 6441 6263 7373 7030 6194 6049 
227 231 178 169 227 231 178 169 

17 17 18 20 

2015~ 2010R 2005~ 2015~ 2010E 2005E 

3s 'Z 3% 'E 
29.85 28.85 

'20 - 
. . . 0.85 0.85 

5829 5363 5;;: - 
5:L; 

5228 4842 - 
185 169 169 146 

12 18 16 

1510R 1505R 1510E 1505E 
24.60 24.60 23.90 23.90 

15 
0.85 0.85 0.85 0.85 _ 

3Y2 
3790 3893 3700 
123 142 123 

I ' 17 ' 17 

Items listed in vertical order per riser: 
(1) Partial drawing number - [NN]~~[NN]~~~~] 

(2) Volume of concrete for full height riser, Nib equals tabulated value, cu. yds. 
(3) Change in volume of concrete per foot decrease in height of riser, cu. yds. 
(4) Weight of steel for full height riser, Nib equals tabulated value, lbs. 
(5) &proximate change in weight of steel per foot decrease in height of riser, lbs. 
(6) Allowable wind projection, see sheet 1 of t?iis drawing, feet. 

REFERENCE STANDARD DWG. NO. 
U. S. DEPARTMENT OF AGRICULTURE 

SCS Engineering Memo. - 50 
SOIL CONSERVATION SERVICE ES- 169 

SCS Technical Release - 29 
SCS Technical Release - 30 ENGINEERING DIVISION - DESIGN UNIT SHEET 5 OF 7 

DATE 7 - 65 
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STANDARD PLANS: STANDARD COVERED RISERS 
SCHEDULE SHOWING DRAWING NUMBERS, VOLUMES 

PIPE 

CONDUIT 

IF CONCRETE, AND WEIGHTS OF STEEL. 
DIAMETER 

= 42” 

ST- DETAIL DFWDVX, E53042- hNI fh hN] is [:I 

NZh 
RISERSTOREUXXT'EDIN RISELRSTOREICCATEDIN 

REsERvoJR AREA 

feet Nsh = Nib - Nis, feet N,h = Nfh - Nis, feet 

5 r 10 15 20 5 10 15 20 
4035R 4030R 4025R 4020R 4035E 4030E 40253 40 2OE 

90.75 91.15 82.85 80.45 104.85 97.25. 
1.89 1.89 

84.65 
40 2.27 2.27 2.27 2.27 1.89 ‘P ‘Z . 

16919 15054 17984 15145 19698 15782 160% 
368 310 378 308 

14492 
380 310 378 308 
33 30 29 26 

3530R 3525R 35mR 351513 35303 35253 35203 3515s 
74.85 

35 1.89 7:'g; . 
73.75 67.35 83.45 75.75 

1.89 1.53 
72.45 64.25 

1.89 1.89 1.89 1.53 
14754 12934 12942 12709 15662 13398 

375 308 301 367 
12723 12362 

375 308 301 367 
30 25 26 22 

3025R 3020R 3015R 3010R 3025E 3020E 3015E 3010E 

67.85 59.85 57.95 59.35 
1.89 1.53 '% . 

61.25 55-75 55.75 
30 1.53 1.53 1.53 1.53 1.53 

=72l 11071 11033 10284 12200 11197 10733 9691 
301 313 302 251 301 313 302 251 

25 23 19 19 

2520~ 2515R 2510~ 2505R 25203 25153 253.0~ 25053 
52.55 53.95 47.80 43.05 54.35 52.25 45.70 41.25 

25 1.53 1.53 1.18 0.97 1.53 1.53 1.18 0.97 
9509 9028 8541 8463 9705 8840 8306 al74 
251 245 257 249 251 245 257 249 

22 20 21 21 

2015~ 2010R 2005~ 2015~ 2010E 2005~ 

40.50 36.45 36.35 40.50 35.85 34.6 
20 1.18 0.97 0.97 1.18 0.97 0.97 

7583 7152 6702 7583 7092 6501 
260 240 192 260 240 192 

' 23 ' 23 18 

Items listed in verticsl order per riser: 
(1) Partial drawing number - [NNI &[mli,[il 
(2) Volume of concrete for full height riser, Nib equals tabulated value, cu. yds. 
(3) Change in volume of concrete per foot decrease in height of riser, cu. yds. 
(4) Weight of steel for full height riser, Nib equals tabulated value, lbs. 
(5) Approximate change in weight of steel per foot decrease in height of riser, lbs. 
(6) Allowable wind projection, see sheet 1 of this drawing, feet. 

RENCE STANDARD DWG. NO. 

U. S. DEPARTMENT OF AGRICULTURE 
SCS EFngineering Memo. - 50 
SCS Technical Release - 29 SOIL CONSERVATION SERVICE 

ES- 169 

SCS Technical Release - 30 ENGINEERING DIVISION - DESIGN UNIT SHEET 6 OF 7 
DATE 9 - 66 
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STANDARD PLANS: STANDARD COVERED RISERS PIPE 

SCHEDULE SHOWING DRAWING NUMBERS, VOLUMES 
CONDUIT 

DIAMETER 
OF CONCRETE, AND WEIGHTS OF STEEL. = 48 ” 

STANDARD DFTAn DRAWmGS, ES3048-[NNlih [NNI~~[~I 
1 

RISERS TO BE LOCATED IN RISERS TO BE LOCATED IN 
Nih RESERVOIR AREA 
feet - N sh = Nfh - Nis, feet Nsh = Nib - Nis9 feet 

5 10 15 20 5 10 15 20 

4035R 4030R 4025R 4020R 40353 4030E 40253 4020~ 

122.90 106.35 106.25 108.55 134.80 ~4.65 105.15 102.35 

40 2.96 2.53 2.53 2.53 2.96 2.53 2.53 2.53 

20160 20404 20018 18132 22278 20878 19960 17941 
374 428 424 362 374 428 424 362 

34 33 28 30 

3530R 3525R 3520R 3515R 35303 35253 352oE 35153 

97.75 99.85 87.05 87.85 105.75 101.65 83.9:: 83.45 

35 
2.53 2.53 2.11 2.11 2.53 2.53 2.11 2.11 

17087 16846 16781 15872 17975 16834 16490 15415 
362 362 356 356 362 362 356 356 

31 29 '38 '38 

3025R 302oR 3015R 3010R 30253 3020E 3015E 30lOE 

78.25 78.95 72.35 71.85 82.55 77.95 68.95 65.85 
2.11 2.11 1.71 1.71 2.11 2.11 1.71 1.71 

30 14438 14419 13778 13618 14928 14252 13461 13008 
356 356 347 344 356 356 347 344 

26 '33 31 29 

2520~ 2515R 2510~ 2505R 25203 25153 2510E 25053 

60.95 62.05 56.95 57.05 63.25 60.35 54.15 51.55 
1.71 1.71 1.33 1.33 1.71 1.71 1.33 1.33 

25 11993 12070 llog1 log84 12293 11873 10779 
gi;i 347 344 301 298 347 344 301 

26 >28 ~28 >28 

2015R 2010R 2005~ 2015E 2010E 2005E 

49.95 48.05 44.25 49.95 46.95 42.65 

20 
1.33 1.33 1.09 1.33 1.33 1.09 

9599 9278 9027 9599 9131 87% 
301 295 278 301 295 278 

'23 '23 '23 

Items listed in vertical order per riser: 
(1) Partial drawing number - lNNl~h[NNI~s[~l 

(2) Volume of concrete for full height riser, Nib equals tabulated value, cu. yds. 
(3) Change in volume of concrete per foot decrease in height of riser, cu. yds. 
(4) Weight of steel for full height riser, Nib equals tabulated value, lbs. 
(5) Approximate change in weight of steel per foot decrease in height of riser, lbs. 
(6) Allowable wind projection, see sheet 1 of this drawing, feet. 

REFERENCE STANDARD DWG. NO. 
U. S. DEPARTMENT OF AGRICULTURE 
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STANDARD PLANS: STANDARD OPEN RISERS 
SELECTION OF STANDARD DETAIL DRAWINGS 

Key to Drawing Numbers 

me drawing numbers of the Standard Detail Drawings for Standard Open Risers are given by: 

E 
ES-31DD-[~l(h[~l~s[Rl 

where 
DD ED = pipe conduit diameter, inches. 

[NW ih E Nib = vertical distance from pipe invert at the riser to crest of the Open Riser Inlet, ft. 

DW is 1 Nis = vertical distance from pipe invert at the riser to soil surface, ft. The soil sur- 
face is either the sediment or the embankment (berm) surface. 

[iI = [ 
embankment 

riser is designed to be located in the reservoir area 
I- 

Standard Detail Drawings 

Each set of Standard Detail Drawings for a Standard Open Riser consists of four sheets. The Open Riser 
Inlet is shown on sheet 4. 

The Standard Open Risers tabulated on sheet 2 of this drawing are designed for Nth = Nis. 

A set of Standard Detail Drawings may be adapted to a range of riser heights. The height may vary from 
the full design height given by Nph in the drawing number to five feet less than Nib. The only exception 
to the preceding statement occurs with risers having D = 36 in. and Nfh = 10 ft, for which the height 
range is four feet. 

Selection of Standard Detail Drawings 

The set of Standard Detail Drawings to be selected is that having the smallest Nib which is greater than 
or equal to the N$h desired at the specific site. 

Adaptation of Standard Detail Drawings 

After the Standard Detail Drawings have been selected, they must be adapted to the desired riser height. 
The adaptation is accomplished by completing the fill-ins on sheets 1 and 3 of the drawings. The value 
to be inserted in a fill-in is either a vertical dimension, a reinforcement bar length, a reinforcement 
bar quantity, a reinforcement bar weight, or a concrete volume. 

Volumes and Weights of Materials 

Quantities for Standard Open Risers are given on sheet 2 of this drawing. 

Wind Projections 

Risers to be located in the embankment are not designed for wind load. An allowable wind projection is 
tabulated for these risers on sheet 2. The tabulated allowable wind projection was computed for the 
conditions: 

(1) No embankment is placed in the vicinity of the riser. 

(2) Moist soil condition, allowable earth bearing pressures are: 

phlax B 4 ksf 

pa,, B 2 ksf 

bin B 0 ksf 

(3) Wind load on the sidewall is 50 psf. 

(4) The constructed riser height, above the top of the footing, does not exceed the allowable wind 
projection. 

The assumption is made that the allowable wind projection for other conditions of embankment placement 
and riser height is not less than that tabulated. Ecus, the tabulated allowable wind projection may be 
considered as the allowable vertical distance between the surface of the embankment and the top of the 
riser at any stage of construction. 
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TANDARD PLANS: STANDARD OPEN RISERS 

SCHEDULE SHOWING DRAWING NUMBERS, VOLUMES OF CONCRETE, 

ZND WEIGHTS OF STEEL. 

STANDARD DETAIL DRAWINGS, ES-31DD-[NN]2h,[NN]&] 

ES-3124- ES-3130- ES-3136- ES-3142- ES-3148- 
lah=NZs 

R E R E R E R E R E 
---. ._--_---._ .~. . 

35.55 51.55 43.94 61.16 60.25 76.90 80.05 92.83 108.50 118. go 
0.97 0.97 1.16 1.16 1.67 1.67 2.27 2.27 2.96 2.96 

2020 
3;;,7 3:;x 4z2 

4539 5951 6~4 7792 7806 9925 
g$$ 162 227 227 251 251 347 

11 - 14 - 17 - 22 x5 

12.70 12.65 15.45 15.73 21.92 21.08 28.50 27.36 35.55 34.05 
0.60 0.60 0.72 0.72 0.85 0.85 1.18 1.18 1.33 1.33 

1515 2288 2215 3242 3316 4539 4450 58;; 5684 
‘,‘E 

7207 
116 116 148 148 185 1.85 260 301 
- 9 - 13 - 12 - > 19 >20 

9.32 
z: 

11.01 lo.84 15.50 14.36 
0.60 . 0.72 0.72 0.85 0.85 

1010 1446 1382 1966 1924 26% 2566 - - 
84 84 111 111 142 142 

> 12 >13 - ’ 13 

Items,.listed in vertical order per riser: 

(1) Volume of concrete for full height riser, Nib = Nfs, cu. yds. 

(2) Change in volume of concrete per foot decrease in height of riser, cu. yds. 

(3) Weight of steel for full height riser, Nib = Nfs, lbs. 

(4) Approximate change in weight of steel per foot decrease in height of riser, lbs. 

(5) Allowable wind projection, ft. (see sheet 1 of this drawing) 
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STANDARD PLANS: STANDARD IMPACT BASINS 

SCHEDULE SHOWING DRAWING NUMBERS, VOLUMES 

OF CONCRETE, AND WEIGHTS OF STEEL. 

STANDARD DETAIL DRAWINGS~ QUANTITIES* 

ES -4WWW 
STEEL - lbs. CONCRETE - cu. yds. 

ES-4050 1500 10 

-4060 1900 12.5 

-4070 2200 15 
-4080 2800 20 

-4090 3300 23 
-4100 3900 28 

-4110 4800 33 

-4120 5700 38 

-4130 6700 43.5 
-4135 7300 46.5 

-4140 7900 50.5 

-4145 8800 55 

-4150 10,000 58.5 
-4155 10,600 62 

-4160 11,000 65 

-4165 12,400 70 

-4170 13,300 73.5 

-4175 14,100 77 

Key to Drawing Numbers 

The drawing numbers of the Standard Detail Drawings for Standard 
Impact Basins are given by: 

ES-4WWW 
where 

WWW 3 width of basin, WW.W ft 

*Quantities of steel and concrete tabulated were obtained from sheet 1 
of each ES-drawing. These quantities are approximate since quantities 
vary with pipe diameter. 
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STANDARD PLANS: STANDARD CONDUIT DETAILS 

SCHEDULE SHOWING DRAWING NUMBERS 

AVAILABLE STANDARD DETAIL DRAWINGS 
FOR 

REINFORCED CONCRETE PRFSSURE PIPE 
PRINCIPAL SPILLWAYS 

Class (a) dams more than 50 ft. Alternate for class (a) dams 
high, and all class (b) and less than 50 ft. high 

class (c) dams 

ES-5018-CE ES-5036-CE ES-5118-CE ES-5136-CE 
-CR -CR -CR -CR 
-BE -BE -BE -BE 
-BR -BR -BR -BR 

ES-5024-CE ES-5042-CE ES-5124-CE ES-5142-CE 
-CR -CR -CR -CR 
-BE -BE -BE -BE 
-BR -BR -BR -BR 

ES-5030-CE ES-5048-CE ES-5130-CE ES-5148-CE 
-CR -CR -CR -CR 
-BE -BE -BE -BE 
-BR -BR -BR -BR 

Key to Drawing Numbers 

The drawing numbers of the Standard Detail Drawings for Standard 
Conduit Details are given by: 

ES-5[$DD-[$l [;I 

where 

DD = D = pipe conduit diameter, inches 

[c,l E pipe is supported on cradles or beddings 

[,El E foundation is earth (yielding) or rock (non-yielding) 

Completion of Standard Detail Drawings 

Various items must be filled in to complete the drawings for 
inclusion in a set of construction plans. These are: the 
pipe strength requirements, the pipe joint requirements, the 
steel schedule, and material quantities. Relations are given 
from which the volumes of concrete may be obtained. 
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STANDARD PLANS: STANDARD BAFFLE RISERS 
SELECTION OF STANDARD DETAIL DRAWINGS 

Key to Drawing Numbers. 

The drawing numbers of the Standard Detail Drawings for Standard Baffle Risers are given by: 

ES-32DD-[NN]ih[NN];s[;] 

where 
DD !D = pipe conduit diameter, inches 

[NNI~~ : ~~~ = vertical distance from pipe invert at the riser to crest of the Baffle Riser Inlet, ft. 

[dis q Nis = vertical distance from pipe invert at the riser to soil surface, ft. The soil sur- 
face is either the sediment or the embankment (berm) surface. 

Gl E [ 
embankment 

riser is designed to be located in the reservoir area 1, 

Standard Detail Drawings 

Each set of Standard Detail Drawings for a Standard Baffle Riser consists of four sheets. The Baffle 
Riser Inlet is shown on sheet 4. 

The Standard Baffle Risers tabulated on sheet 2 of this drawing are designed for Nib = Nis. 

A set of Standard Detail Drawings may be adapted to a range of riser heights. The height may vary from 
the full design height given by Nib in the drawing number to five feet less than Nib. The only exception 
to the preceding statement occurs with risers having D = 36 in. and Nib = 10 ft, for which the height 
range is four feet. 

Selection ofStandard D&ail Drawin@ 

The set of Standard Detail Drawings to be selected is that having the smallest Nib which is greater than 
or equal to the Nib desired at the specific site. 

Adaptation of Standard Detail Drawings 

After the Standard Detail Drawings have been selected, they must be adapted to the desired riser height. 
The adaptation is accomplished by completing the fill-ins on sheets 1 and 3 of the drawings. The value 
to be inserted in a fill-in is either a vertical dimension, a reinforcement bar length, a reinforcement 
bar quantity, a reinforcement bar weight, or a concrete volume. 

Volumes and Weights of Materials 

Quantities for Standard Baffle Risers are given on sheet 2 of this drawing. 

Wind Projectt. 

Risers to be located in the embankment are not designed for wind load. An allowable wind projection is 
tabulated for these risers on sheet 2. The tabulated allowable wind projection was computed for the 
conditions: 

(1) No embankment is placed in the vicinity of the riser. 

(2) Moist soil condition, allowable earth bearing pressures are: 

pm= 5 4 ksf 

pav 5 2 ksf 

bin 5 0 ksf 

(3) Wind load on the sidewall is 30 psf. 

(4) The constructed riser height, above the top of the footing, does not exceed the allowable wind 
projection. 

The assumption is made that the allowable wind projection for other conditions of embankment placement 
and riser height is not less than that tabulated. IIpnus, the tabulated allowable wind projection may be 
considered as the allowable vertical distance between the surface of the embankment and the top of the 
riser at any stage of construction. 
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STANDARD PLANS: STANDARD BAFFLE RISERS 

SCHEDULE -SHOWING DRAWING NUMBERS, VOLUMES OF CONCRETE, 
AND WEIGHTS OF STEEL. 

STANDARD DETAIL DRAWINGS, ES-32DD-[NN]{h [NN]is[;] 
$ 

ES-3224- ES-3230- ES-3236- ES-3242- ES-3248- 
Nih=Nis 

R E R E R E R E R E 

38.55 54.65 47.90 65.30 66.85 83.95 87.05 101.15 117.00 128.90 
0.97 0.97 1.16 1.16 1.67 1.67 2.27 2.27 2.96 2.96 

3535 7483 10674 9849 13123 12974 ~-' 15622 15887 18667 19225 21342 
187 213 276 303 338 360 368 380 374 374 

- 25 - 27 - 30 - 33 - 34 

30.70 39.50 40.50 47.90 58.65 68.95 71.15 79.75 91.85 99.85 
0.74 0.74 1.16 1.16 1.67 1.67 1.89 1.89 2.53 2.53 

3030 6470 7701 7992 9368 10449 11624 13725 14633 16153 17041 
206 218 232 232 269 269 375 375 362 362 

19 - 20 - 26 - 30 - 31 

26.30 29.50 32.75 36.05 48.05 52.25 63.15 67.75 72.35 76.65 
0.74 0.74 0.89 0.89 1.35 1.35 1.89 1.89 2.11 2.11 

2525 4973 5498 6567 7039 8653 9078 10863 11342 13503 13993 
167 167 240 240 263 263 301 301 356 356 

15 - 21 - 22 - 25 - 26 - 

20.00 22.00 26.45 27.75 37.20 38.20 47.85 49.65 55.05 57.35 
0.60 0.60 0.89 0.89 1.04 1.04 1.53 1.53 1.71 1.71 

2020 3934 4090 4973 5168 6942 7052 8726 8921 11057 11357 
154 154 162 162 227 227 251 251 347 347 

- 11 - 14 - 17 - 22 - >25 

15.70 15.80 19.50 19.90 28.55 28.05 35.80 35.80 44.05 44.05 
0.60 0.60 0.72 0.72 0.85 0.85 1.18 1.18 1.33 1.33 

1515 2735 2619 4172 3852 5522 5470 6799 6799 8664 8664 
116 116 148 148 185 185 260 260 301 301 

- 9 - 13 - 12 - >20 - >20 

12.20 11.90 15.00 15.00 22.10 21.40 
0.60 0.60 0.72 0.72 0.85 0.85 

1010 1909 1909 2553 2553 3677 3587 - - - - 

84 84 111 111 142 142 

- >13 - >14 - >14 

Items, listed in vertical order per riser: 

(1) Volume of concrete for full height riser, Nib = Nis, cu. yds. 

(2) Change in volume of concrete per foot decrease in height of riser, CU. yds. 

(3) Weight of steel for full height riser, Nib = Nis, lbs. 

(4) Approximate change in weight of steel per foot decrease in height of riser, lbs. 

(5) Allowable wind projection, ft. (see sheet 1 of this drawing). 
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STAGE-DISCHARGE RELATION 
FOR COVERED TOP RISER OF PROPORTIONS SHOWN 

SECTION C-C 

I PLATE CONSTRUCTION JOINT DETAIL SPIGOT WALL FITTING DETAIL 

BOLT OETilL 

DROP INLET SPILLWAYS 
STANDARD FOR 





BOLT DETAIL 10 rnt 

FLAT BOTTOM ROUND BOTTOM FLAT BOTTOM ROUND BOTTOM 

DRY- DAMS 
SEE CRITERIA (5, 

RISER IN RESERVOIR 
SEE CRlTERlA (3, 

DROP INLET SPILLWAYS 
STANDARD FOR 

RECTANGULAR OPEN TOP RIS 





4-- 1 
A / t , L, 4 

BOLT DETAIL 

FLAT BOTTOM ROUND BOTTOM 

SECTION B-B 

DROP INLET SPILLWAYS 
STANDARD FOR 

BAFFLE TOP RISER 









SECTION A-A 

-1 - II 

&ION J-7 SECTION K-K SECiION L-L 

CONSTRICTION PLATE CONNECTION DETAIL 

DROP INLET SPILLWAYS 
STANDARD FOR 

4’ i I RESTRICTED FLOW RISER 





CLASS I’4 DAMS MORE THAN 50 FT. HIGH, AND ALL CLASS(b) AND CLASS(C) DAMS 

t / / / / 

LlNE &NO KEY GOLLlR 6” lNTO ROCK 

DETAIL OF ANTI-SEEP COLLAR 

Al CRADLE A2 CRADLE 81 BEDDING 

PIPE AND CRADLE OR BEDDING ALTERNATES 

PIPE JOINT 

JOINT EXTENSIBILITY 

.k e -7- 1” 
JOINT ROTATION CAPACITY 

DISPLACEMENT CHARACTERISTICS 

Al CRADLE A2 CRADLE El BEDDING 

DROP INLET SPILLWAYS 

I 
STANDARD FOR 





rz===-L---4 
4 1 ,-_------, 

r 
COLUMN 

SECTION ON k OF PIPE 

DETAIL OF CANTILEVER OUTLETS 

ELEVATION 

BENTS FOR CANTILEVER OUTLETS 

STANDARDS TO BE PREPARED FOR THE THREE TYPES, FIELD TO SELECT BENT DESIRED 

Al 

BENT 

PARTIAL SECTION A-A 

PILE BENT PIPE BEAM BENT 

1 DROP INLET SPILLWAYS 
STANOARO FOR 

PIPE CONDUIT OUTLETS 

U. S. DEPARTMENT OF AGRICUL~ 
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STRUCTURAL DESIGN: CIRCULAR CURVE, DIMENSIONING AND 
/ 

,AYOUT FOR REINFORCED CONCRETE SECTIONAL PIPE. 

fiy / 

F0QhfuLAs 
/. 7-n. $ = d+r ; L urged recommended 3 = 5 o 

R=&#‘(~+(d+ZT)] -fk 

Since c is small compared to fd+ZJ) when J&%: 
fig.. 

C’may be negfected under the radico/ sign. Then 

2. R- opprox. 2 t . fZL-C)fd+ZrJ-f,. jf&<o&y 
fV044~bh244 rff~E ANO S YMI~OL s 

3.(O) X,= L COS ‘/N -fk 
R = Radius of curvature - ft ; Distance from 

center of curve to d of pipe. 

fb) xz r 1 [cos A/N t cos 2 (A/N)]- ft. A = Cenfrd my/e of curve -Any/e befneen C tangent!. 
_...,................. N = Number of identicu//y cut sections 

x, =Lfcos ‘/N ices ~/A/N) tcos 3/A/!) t ‘..’ tcos n(A/4)]- ft. fn curve. 

4fo) 7 1; ~A;~“Agf~~~ “‘“‘“‘/-f-f,: 

d = Inside d/or??eter of p/;oe - ft 
T = We// tbic&ness of roncrete pipe - f/. 
L = Length of /onq side of e/bow sect/k - ft 
C = Cut or beve/ on tonque end of pipe 

(bj r: = 1 fsin A/! + sin 2fAAfl-ft section -ft. See fig 2. 
. . . . . . . . . . . . . . . . . . . .._ z,,= Offset d/‘mension of outside edge of nth 

yn = L [sin A/N + sin Z&N) t sin 3 1%) + t sin n f‘A/~) - ft: section from Y-ffxis - ft 
y,,= Offsef dimension of outside edge of nth 

yo.Lp ~(A/N)-cos (nt//?) A/~ -ft, 
z s/n 9~ /A/N) 1 

se&on from X - axis - f,: 
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STRUCTURAL DESIGN: CIRCULAR CURVE, DIMENSIONING AND 
LAYOUT FOR REINFORCED CONCRETE SECTIONAL PIPE. 

EXA MPL E 

&o&m: Areinforced concrefe p&e with inferno/ d/bmefer 0 f 
SOinches and wu//fhicknessof 6";s to be /aidon Q curve 
hwjnq Q cenhd u&e fa) of 38:16.' 7he radius ofcurvufure 
is to be kept us smo// as reo.sonab/y feasible using 
sfundurd /enpfhs ofpipe and normu/ fubricofing prucfice. 
compute fhe requiredcut undcoord/iufes for /uyoufof ,'h/> 
pipe curve. 
So/uf/bn.- 

The rud/'us of curvature f@)wi// be smu//esf for 
short /enpfhs/Ljof pipe und /orye vu/&es of d/,& Choose 
u short sfundurd ienyh L=d’ond ho/d A/M us c/ose 
fo, buf nofover, 5"~s poss/'b/e. Choose number f/v) 
of cuf secfion~ of ,o/;oe Ln fhe curve us 8, 

N 
4 = 3$%‘= /yd7* 

Solve for the cut(C) us fo//ows: 
Tun fLI/N) =fon 4%47'= 608368 

C c 
= &27=60t/Z= % Or 

C=QCV368X72=6,02496 /i/&es* 
This cuf, to fhe closest yd"for manufucfuring 

purposes, is C=6.Oinche.s. 7o/erunces for pipe CL/~ 
C=6.0” w/U // Q ow fhe use of fhe vu&e C=6.02496" 
for cukdufion purposes fhruouf /here&of fheproblem. 
The rad/i/s of curvafure fR/ of the & of fhe p/;oe /'.s 

R=(ZL-C)(dtZ7) 

p - &6.02496~$7[.+(2x %zxG;I] 
= 

2x///z x 6.02496 

R=443/ff. 
7hepoint of funqency of fhe curve is /ocufed 

f J 
L C =d _ 6.02496 = /B7ff 
?--4 z- 4x/z - * 

downstream from fhe f/isf cut secfion to be p/aced. 
The offsets fo fhe oufside edye of p/;oe which w/'/i 
be usedin /aying fhe pipe arti given on the form 
Cdculufion Sheef, sheef 3of.3. 
kPermissib/e fouse inches here /'fdb Tore in inches 
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STRUCTURAL DESlGN: CIRCULAR CURVE, DIMENSIONING AND 
LAYOUT FOR REINFORCED CONCRETE SECTIONAL PIPE. 

CALCULAT/ONS foe OFFSETS 

xn =L[CCos~+CosZ /v +-+Cosn $ I) 
A 

I)] =:,+osy- N 0 A -ft. 

70 id (Check) 7.30665 

Tofa/ /Check) 2.88/84 

RsFBnERCB . STAUDASD DWO. SO. 

s;sisi ~;$$~~;~Ao~$~;~;~& ES - 8 

ssmr -3 3 OF- 
ENGINEERING STANDARDS IINTT 

DAtB I-IU-50 
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IROP SPILLWAYS: DEPTH OF STANDING WATER BEHIND 
NAPPE OF DROP SPILLWAY 

SCHEA4A T/C D/A GRAM 

dc = Hych-0 stufk critka/ def 7% - ft 
f f f =-He@h f of fdi- fi 
dx = Depth of sfundikg wdef- 

behind nup,oe -ft 

LBFBBBllCB II. 8. DEPARTMENT OF AQRICULTURE BTAIDARD DUO. 110. 

'mceedhgs -ASCE Trunso&n 
SOIL CONSERVATION SERVICE Es _ , , 

b/08,/943, PuperNo.2204 amItt I OF 2 

5y ~Q/ferL.Moore,Page/343 
ENGINEERING STANDARDS UNIT 

DATE I-27-50 



.  .w ----- - - - _-- ._. - .  .  - W-B.. .  .  - . . - .  - .  ILL---. -. ._. 
I- - ---_-_ -- 

h = Totul depth of weir-ft 
f +f =Heighf of full-fif 

SCh’EMA TlC D/ACPA M 

Note : Ve/ochy of u,tyrouch neg/ecfed 
U. S. DEPARTMENT OF AGRICULTURE STAUDARD DW0. NO. 
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STRUCTURAL DESIGN: STEEL ANGLES WITH EQUAL LEGS 

Axis Z-Z 

Size 
in. 

8x8 

6x6 

t Weight Area x or y  Z W I S r 
in. lb/f% 2 in in. in. in. in* in3 in. 

- - 

1 l/E 56.9 16.7 2.41 5.66 3.41 40.8 12.0 1.56 
1 51.0 15.0 2.37 5.66 3.35 11.0 1.56 

718 45.0 13.2 2.32 5.66 3.28 
::2 

. 9.93 1.57 
3/4 38.9 11.4 2.28 

;*E 
3.22 28.4 8.81 1.58 

518 32.7 9.61 2.23 
5166 

3.16 24.1 7.62 1.58 
S/16 29.3 8.68 2.21 3.12 21.8 6.99 1.59 
112 26.4 7.75 2.19 5.66 3.09 lg.6 6.34 1.59 

1 37.4 11.0 1.86 4.24 2.64 15.0 5.69 1.17 
7-18 33.1 98-z 1.82 4.24 2.57 13.3 5.18 1.17 
314 28.7 

7:11 
1.78 4.24 2.51 11.6 4.63 1.17 

518 24.2 1.73 4.24 2.45 4.03 1.18 
S/16 21.9 6.43 1.71 4.24 2.41 

‘8.;; 
3.72 1.18 

112 lg.6 5.75 1.68 4.24 2.38 8107 1.18 
?/16 17.2 5.06 1.66 4.24 2.35 7.15 ;-z 1.19 
313 14.8 4.36 1.64 4.24 2.32 6.20 2167 1.19 
S/16 12.4 3.65 1.62 4.24 2.29 5.23 2.29 1.20 

5x5 718 27.2 7.98 1.57 3.54 2.22 7.56 
3/4 23.6 6.94 1.52 2.15 6.59 

:-4o: 0.973 
0.975 

5/6 19.9 5.86 1.48 ;-::: 2.09 5.60 2:68 0.978 
112 16.2 4.75 1.43 2.03 4.59 2.26 0.983 
Y-116 14.2 4.18 1.41 ;::g 
3/S 12.3 3.61 1.39 3:54 

2.00 4.07 2.04 0.986 
1.96 3.54 1.80 0.990 

5/16 10.3 3.03 1.37 3.54 1.93 2.99 1.55 0.994 

4x4 3/4 18.5 5.44 1.27 2.83 1.80 3.29 1.83 0.778 
516 15.7 4.61 1.23 2.83 1.74 2.80 1.61 0.779 
112 12.8 3.75 1.18 2.83 1.67 2.29 1.37 0.782 
7116 11.3 1.16 2.83 1.64 2.04 1.24 0.785 
3/e 9.73 

z 
* 1.14 2.83 1.61 1.77 1.10 0.788 

S/16 8.17 2.40 1.12 2.83 1.58 1.50 0.953 0.791 
l/4 6.59 1.94 1.09 2.83 1.55 1.22 0.793 0.795 

3s x 3; 112 11.1 3.25 1.06 2.47 1.50 1.51 1.01 0.683 

1 $1 ZJ ;;; z& 2; ;g gz i;g grj 
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STRUCTURAL DESIGN: STEEL ANGLES WITH EQUAL LEGS 

Axis Z-Z 

Size t Weight Area x or y Z W I S 1‘ 
in. in. lb/ft in 2 in. in. in. in4 in3 in. 

3x3 112 9.36 2.75 0.932 2.12 1.32 0.938 0.712 
8.28 

o.58$ 
7116 2.43 0.910 2.12 1.29 0.833 0.647 0.585 
318 7.18 2.11 0.888 2.12 1.26 0.726 0.578 0.587 
S/16 6.05 1.78 0.865 2.12 1.22 0.617 0.504 0.589 
114 . 4.89 1.44 0.842 2.12 1.19 0.504 0.423 0.592 
3116 3.71 1.09 0.820 2.12 1.16 0.388 0.334 o-596 

23 x 2; 112 7.66 2.25 0.806 1.77 1.14 0.533 0.468 0.487 
318 5.90 1.73 0.762 1.77 1.08 0.412 0.382 0.487 
5116 4.98 1.46 0.740 1.77 1.05 0.350 0.335 0.489 
114 4.04 1.19 0.717 1.77 1.01 0.287 0.283 0.491 
3/16 3.07 0.902 0.634 1.77 0.982 0.221 0.225 0.495 

2x2 318 4.63 1.36 0.636 1.41 0.899 0.206 0.229 0.389 
5 116 3.92 1.15 0.614 1.41 0.868 0.175 0.201 0.390 
114 3.19 0.938 0.592 1.41 0.837 0.143 0.171 0.391 
3116 2.43 0.715 0.569 1.41 0.805 0.111 0.138 0.394 
1/8 1.65 0.484 0.546 1.41 0.773 0.0766 0.0991 0.398 

1 1-2 x 143 114 2.76 0.813 0.529 1.24 0.748 0.0947 0.127 0.341 
3116 2.11 0.621 0.506 1.24 0.716 0.0733 0.102 0.343 
118 1.44 0.422 0.4% 1.24 0.684 0.0507 0.0742 0.347 

13 x 12 114 2.31~ 0.688 0.466 1.06 0.659 0.0586 0.0890 0.292 
3116 1.79 0.527 0.444 1.06 0.628 0.0454 0.0723 0.293 
118 1.22 0.359 0.421 1.06 0.596 0.0315 0.0529 0.296 

14 x 1; 114 1.91 0.563 0.403 0.884 0.570 0.0333 0.0585 0.243 
3116 1.48 0.434 0.381 0.884 0.539 0.0257 0.0477 0.244 

118 1.01 0.297 0.359 0.884 0.507 0.0179 0.0353 0.246 

1x1 114 1.49 0.438 0.339 0.707 0.480 0.0168 0.0350 0.196 
3116 1.16 0.340 0.318 0.707 0.450 0.0129 0.0286 0.194 

118 0.798 0.234 0.296 0.707 0.418 0.00896 0.0214 0.196 
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